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[Title of the Invention]

PROCESS FOR MANUFACTURE OF LIQUID CRYSTAL PANEL

[Abstract]

[PURPOSE]: Provided is a process for manufacture of a liquid crystal panel enabling

stable and accurate discharge of a liquid crystal mixed with a spacer material dispersed

uniformly without generation of gap unevenness.

[CONSTITUTION]: A liquid crystal mixed with a spacer material is heated using a

heater and one drop-filled on a base for the liquid crystal while agitating with an agitator.

Since viscosity of the liquid crystal is thus lowered using the heater while preventing

the sedimentation and coagulation of the spacer material by agitating function, the

liquid crystal can be discharged stably with accuracy applying an injection system. As a

result, the liquid crystal mixed with the spacer material can be one drop-filled in the

extremely minute and accurate state on the base so as to obtain a homogeneous liquid

crystal panel without gap unevenness.
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[Scope of Claims]

[Claim 1] A process for manufacture of a liquid crystal panel comprising steps of:

forming a sealant on at least one substrate among substrates with a pair of electrodes;

one drop-filling a liquid crystal mixed with a spacer material on at least one substrate

using an ink-jet apparatus equipped with a heater and an agitator; adhering and

combining the above pair of substrates under a vacuum pressure; thereafter curing the

sealant.

[Detailed Description of the Invention]

[0001]

[Industrial Application]

This invention relates to a process for manufacture of a liquid crystal panel.

[0002]

[Description of the Prior Art]

Among conventional manufacturing approaches of liquid crystal panel, there is known

for example, one drop-filling of liquid crystal (sometimes referring to as "ODF") and

assembly approach as disclosed in JP 62-89025 A. Such approaches are described below

with reference to FIG 6.

[0003]

A liquid crystal 33 mixed with a spacer material 34 is one drop-filled within a region

surrounding with a sealant 32 on one substrate 3 1 among glass substrates with a pair of

transparent electrodes orientation processed in advance, using a dispenser 60 or other

liquid dispensing equipment such as a liquid transfer pump after printing the sealant 32.

Thereafter, the above two sheets of substrate 31 together are adhered and combined

under a vacuum pressure and the liquid crystal 33 mixed with the spacer material 34 is
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spread in a region surrounded with the sealant 32 as a whole, followed by curing of the

sealant 32 in an appropriate time.

[0004]

The above approaches have advantages such as little loss of the liquid crystal,

noticeable shorten of time for supplying the liquid crystal and removal of a spacer 34

scattering process, etc.

[0005]

[Problems to be Solved by the Invention]

However, the conventional approach in which a liquid crystal 33 mixed with a spacer

material 34 is one drop-filled using a dispenser or other liquid dispensing equipment

such as a liquid transfer pump after printing the sealant 32 accompanied large

discharging amount per drop of the liquid dispensing equipment. Therefore, it arose

drawbacks that the spacer material 34 did not disperse homogeneously and the gap

unevenness occurred.

[0006]

In order to solve such problems, it can be considered a method for discharging the liquid

crystal 33 mixed with the spacer material 34 very minutely and precisely on the

substrate using a specific liquid dispensing equipment with an extremely small

discharging amount per drop and high accuracy. Further, another approach can be

proposed, in which an ink-jet apparatus is used as a liquid dispensing equipment with

extremely micro-fine amount per drop and capable of precisely discharging the liquid.

[0007]

Generally, an injector preferably exhibits the above characteristics for liquid having

viscosity of lOcps or less.

[0008]
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However, in case the above method is applied to the liquid having high viscosity

ranging from 20 to 30cps or more such as liquid crystal, it occurs a problem that the

liquid cannot appropriately discharge. And, when discharging the liquid crystal 33

mixed with the spacer 34, sedimentation or condensation of the spacer 34 take place

inside the injector and cause the problem that stable and precious discharging is

practically carried out.

[0009]

In consideration of the technical problem of such approach, the present invention aims

to provide a process for manufacture of the liquid crystal panel by which a spacer is

evenly dispersed, gap unevenness does not arise, and a liquid crystal mixed with a

spacer material is stably dispersed with high precision.

[0010]

[Means for Solving the Problem]

This invention relates to a process for manufacture of a liquid crystal panel comprising

steps of: forming a sealant on at least one substrate among substrates with a pair of

electrodes; one drop-filling a liquid crystal mixed with a spacer material on at least one

substrate using an ink-jet apparatus equipped with a heater and an agitator; adhering and

combining the above pair of substrates under a vacuum pressure; thereafter curing the

sealant. By the above process, it can one drop-fill the liquid crystal mixed with the

spacer material very minutely and precisely on the substrate.

[0011]

[Function]

According to this invention, the viscosity of liquid crystal can be lowered using the

heater and, besides, the sedimentation and condensation of the spacer material can be

prevented by agitation function so that the liquid crystal discharging take places stably
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and precisely adopting the ink-injection method. As a result, the liquid crystal mixed

with the spacer material can one drop-fill very minutely and accurately on the substrate,

thereby obtaining a uniform liquid crystal panel without the gap unevenness.

[0012]

[Example]

Hereinafter, the present invention will be described in detail with reference to examples

and accompanying drawings.

[0013]

EXAMPLE 1

FIG. 1 is a cross-sectional view of an ink-jet body 10 used in an example of the present

invention. The ink-jet body 10 consists of a pressure chamber 11 and a liquid crystal

chamber 15. The pressure chamber 10 is connected to a piezoelectric device 12 ( piezo-

plate) while a dispensing port 13 with 60 pm of caliber provided at bottom portion of

the device 12. A pulse transmitter 23 prepared outside is connected to the device 12. The

pressure chamber 11 and the liquid crystal chamber 15 are jointed to each other via a

feed hopper 14 at rear side thereof. A heater 16 for controlling the temperature of liquid

crystal 33 mixed with the spacer material 34 is formed in the bottom portion of the

liquid crystal chamber 15. The heater 16 connects to a temperature controller 22

prepared outside the chamber 15. Further, a screw 18 coupled to a motor 19 is formed

inside the chamber 15 while the liquid crystal 33 mixed with the spacer material 34 is

agitated by the screw 18. In addition, an air vent 17 is formed in top portion of the

chamber 15 and connected with a vacuum pump 21 provided to regulate inner pressure

of the ink-jet body 10.

[0014]

FIG. 2(a), (b) and (c) together illustrate a series of actuation when the ink-jet body 10 is
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operated for dispensing the liquid crystal (oblique lined section in Figures). At the early

stage, the liquid crystal is filled up into the pressure chamber 11 shown in FIG. 2(a).

Next, if electric potential is applied to the piezo-plate 12 through the pulse transmitter

23 as shown in FIG 2(b), the piezo-plate 12 extrudes the liquid crystal into the pressure

chamber 11 thus the liquid crystal is discharging out of the dispending port 13. When

the electric potential is stopped applying after that, the piezo-plate 12 transfers the liquid

crystal from the crystal chamber 15 through a feed hopper 14 and chaiges the liquid

crystal into the pressure chamber 11. A series of operations described above are defined

as 1 cycle and the discharging is repeated using the pulse number applied from the pulse

transmitter 23.

[0015]

The dispensing process cannot be conducted unless viscosity of the dispensing liquid is

lOcps or less in a typical ink-jet apparatus, for example, including the ink-jet body 10

used in this example. However, if the liquid crystal has the viscosity ranging from 20 to

30cps, the liquid crystal cannot discharge as it is. Therefore, the present invention

adopts the temperature controller 22 as well as the heater 16 mounted in the liquid

crystal chamber 15 to regulate the temperature and, thus, turn the viscosity of the liquid

crystal into another one proper to dispense. In this example using the pneumatic liquid

crystal, the temperature was checked to practically discharge the liquid crystal above

40°C. The temperature of the liquid crystal is controlled within ± 3°C of deviation using

the temperature controller 22 so that the dispensing process can be carried out with a

high accuracy of less than ± 2% for 370mg of total discharging amount. Furthermore,

the discharging amount can be controlled by variation of driving frequency.

[0016]

The present process for manufacture of the liquid crystal panel using the ink-jet body 10
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will be described in more detail below referring to FIG 3 to FIG 6.

[0017]

On a substrate 3 1 with a pair of transparent electrodes orientation processed beforehand,

a sealant 32 was coated using screen-stencil, etc. Herein, UV ray curing resin was used

as the sealant 32. Next, the ink-jet body 10 was installed and spaced above 2mm from

the substrate 3 1 in which the sealant 32 was formed as shown in FIG. 3. To inner side of

a region surrounded with the sealant 32, 0.5mm pitch of line-shape scanning is

performed as shown in FIG 4.

[0018]

As a result, the substrate 31 is coated with the liquid crystal 33 containing the spacer

material 34 in the line configuration. Next, as shown in FIG 5, the substrate 31 after

completing one drop-filling of the liquid crystal 33 mixed with the spacer material 34

and the other substrate 51 after orientation processing were adhered and combined

together under a reduced pressure. Thereafter, a sealant 32 was cured under an

atmospheric pressure to result in a liquid crystal panel product.

[0019]

In this example, since amount of discharging per drop from the ink-jet body 10 was

extremely small such as 3.0 x 10"4 mg, the spacer material is homogeneously dispersed

and the substrates 31 and 51 are assembled into a laminate, the spacer material 34 does

not migrate so much. As a result, the liquid crystal panel is obtainable with excellent

display quality and, at the same time, without gap unevenness.

[0020]

Although illustrative examples of the invention has been described above, it is

understood that the invention is not limited to the examples but may include other forms

and systems, as long as they adopt the ink-jet function.
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[0021]

Further, the heating device and agitation device used in the present invention are still

better if it is employed in the pressure chamber.

[0022]

Also, the heating device in the present invention is not restricted to the heater formed in

the bottom portion of the above liquid crystal chamber but may be other forms of heater.

[0023]

Still further, the agitation device used in the present invention is not restricted to the

screw-type device but also may be other forms as long as they have agitating function.

[0024]

[Effect of the Invention]

As clearly understood from the above description, the liquid crystal mixed with the

spacer material can be dispensed with an extremely small amount and high precision by

assembling the heating device and the agitation device to the conventional ink-jet

apparatus according to the present invention. Consequently, the present invention can

produce the liquid crystal panel with excellent display quality in which the spacer

material disperses homogeneously and the gap unevenness does not occur.

[0025]

Since the liquid crystal mixed with the spacer material can be used, the present

invention further has an advantage of excluding the spacer scattering process.

[Brief Description of the Drawings]

FIG. 1 is a cross-sectional view of an ink-jet apparatus provided with a heating device

and an agitation device, and a piezo-plate inside a pressure chamber in one example of

the present invention.
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FIG. 2(a) is a cross-sectional view of the pressure chamber illustrating ink-jet apparatus

at the initial stage; FIG. 2(b) is a cross-sectional view of the pressure chamber

illustrating the condition when an electric potential is applied to the ink-jet apparatus;

and FIG 2(c) is a cross-sectional view of the pressure chamber illustrating the condition

when stopping application of the electric potential to the ink-jet apparatus.

FIG. 3 is a cross-sectional view illustrating one drop-filling process of the liquid crystal

mixed with the spacer material when using the ink-jet apparatus provided with the

heating device and the agitation device in the example of the present invention.

FIG 4 is a top view illustrating one drop-filling pattern used in the example of the

present invention.

FIG. 5 is a perspective view illustrating the condition that a pair of substrates was

adhered and combined together under a vacuum pressure in the example of the present

invention.

FIG. 6 is a cross-sectional view illustrating one drop-filling process using the

conventional dispenser.

[Brief Description of Numerical symbols in the Drawings]

10 Ink-jet body

1 1 Pressure chamber

12 Piezoelectric device (Piezo-plate)

13 Dispensing port

14 Feed hopper

1 5 Liquid crystal chamber

16 Heater (Heating device)

17 Air vent

9



Screw (Agitation device)

Motor

Vacuum pump

Temperature controller

Pulse transmitter

Orientation processed substrate

Sealant

Liquid crystal mixed with spacer material

Spacer material

Orientation processed substrate

Dispenser
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